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The Effects of Sloshing on the Responses of an LNG Carrier Moored
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ABSTRACT: During the loading/offloading operation of a liquefied natural gas carrier (LNGC) that is moored in a side-by-side configuration with an
offshore plant, sloshing that occurs due to the partially filled LNG tank and the interactive effect between the fwo floating bodies are important factors
that affect safety and operability. Therefore, a time-domain software program, called CHARMBD, was developed to consider the interactions between
sloshing and the motion of a floating body, as well as the interactions between multiple bodies using the potential-viscous hybrid method. For the
simulation of a floating body in the time domain, hydrodynamic coefficients and wave forces were calculated in the frequency domain using the 3D
radiation/diffraction panel program based on potential theory. The calculated values were used for the simulation of a floating body in the time domain
by convolution integrals. The liquid sloshing in the inner tanks is solved by the 3D-FDM Navier-Stokes solver that includes the consideration of
free-sutface non-linearity through the SURF scheme. The computed sloshing forces and moments were fed into the time integration of the ship’s
motion, and the updated motion was, in turn, used as the excitation force for liquid sloshing, which is repeated for the ensuing time steps. For
comparison, a sloshing motion coupled analysis program based on linear potential theory in the frequency domain was developed. The computer
programs that were developed were applied to the side-by-side offloading operation between the offshore plant and the LNGC. The frequency-domain
results reproduced the coupling effects qualitatively, but, in general, the peaks were over-predicted compared to experimental and time-domain results.
The interactive effects between the sloshing liquid and the motion of the vessel can be intensified further in the case of multiple floating bodies.
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Fig. 1 Grid generation of hulls for 3D panel method (Number of
panels = 1754)

Table 1 Principal particulars of floating terminal and LNGC

Description Unit  Floating terminal LNGC
Length m 428.0 270.0
Breadth m 70.0 434
Draught m 14.5 11.916
Displacement ton 418,429.5 102,591.0
LCG m 214.0 134.878
VCG m 104 443
kxx m 245 15.703
kyy m 107.0 67.5
kzz m 107.0 69.302




Table 2 Characteristics of sloshing tanks

Designation Magnitude
AFT TANK no. 4 (Inner dimensions given)
Tank center from aft perpendicular 80.27 m
Tank bottom from keel line 2.60m
Tank length 40.04 m
Tank breadth 35.69m
Tank height 26.30 m
FORWARD TANK no. 2 (Inner dimensions given)
Tank center from aft perpendicular 17429 m
Tank bottom from keel line 2.60 m
Tank length 4548 m
Tank breadth 35.75m
Tank height 26.30 m
Table 3 Simulation environment
Wind N/A
Current N/A
Heading [deg] 90, 180
Significant height [m] 2.0
Wave
Peak period [sec] 13
y of JONSWAP spectrum 3.0
3.0 N
A Filling ratio : 18%
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Fig. 2 Motionssloshing coupling effect of MARIN FPSO in roll
(Wave heading =90 deg.)
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Table 4 Stiffness of linear spring for mooring system

LNGC FT
Surge [N/m] 0.11E+08 0.44E+10
Sway [N/m] 0.21E+08 0.71E+10
Yaw [N*m] 0.36E+11 0.33E+12
Freq. domain : F.T. 180°
Freq. domain : LNGC 2 6m
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Fig. 4 Regular wave test in time domain
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